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(54) IMPEDANCE DETECTION CIRCUIT. AND CAPACrTANCE DETECTION 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a detection circuit of impedance or 
capacitance that can accurately detect minute impedance and is suited for 
detecting capacity in a capacity-type sensor such as a condenser 
microphone. 

SOLUTION: In^a capacitance detection circuit 10 comprising a capacity 
detection section 1 and a capacity cancellation section 2, the capacity 
detection section 1 comprises an AC voltage generator 11, a first 
operational amplifier 14 where a non-inverted input terminal is connected 
to the ground, a second operational amplifier 16 for composing a voltage 
follower, a detection capacitor 15 connected between the output terminal 
of the first operational amplifier 14 and the non-inverted input terminal of 
the second operational amplifier 1 6, and the like. The capacity cancellation 
section 2 comprises a third operational amplifier 30 for inverting, and 
amplifying an AC signal from the AC voltage generator 1 1 , and a 
cancellation condenser 33 connected between the output terminal and the 
non-inverted input terminal of the second operational amplifier 16. A 
capacitor 1 7 under test is connected between the non-inverted input 
terminal of the second operational amplifier 16 and the ground. 
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Cf • (d/dt) • (Vout-Vl) = (d/dt) • (Cd+ 
AC) • Vl-Cc- (A- 1 ) • Vl 

Cf - (Vout-Vl) = (Cd+AC) -Vl-Cc- (A 
- 1 ) • (d/dt) • Vl 

tmztiz. cn^voutocoiirsss*r^<b, tstwi 
^©fcttmffiVouttt, 

Cc+AC)/Cf) • Vl (j£8) 

»ffl«**©«EEVouttt* 
30 Vout= ( 1 + AC/Cf) - Vl «10) 

[003 9] — *P716 b<D*JS 

1 5SCJ c ^^>-b^n>7 r >if3 3 *VC(,>£lg 

*<t, *JOl/^-i?:7*P'7 1 6 bOA^^>k-^>^ 

A*i»CC««ifc^»*l-ttl»Ci3&>& % 

V 1 7i^W«3>7 s >lM 5, ♦ *>te*:a>f r >ir 



Cc- (V3-V1) + Cf- (Vout-Vl) = (Cd+AC) • Vl <«1 1) 
tSkZtiZ. T*<tVoutte. 'X<D£*>SCts:Z> 0 

Vout= ( (Cd+AC + Cc) /Cf+ 1 ) -Vl-CCc/Cf) -V3 

= - (R2/R1) • ( 1 +(Cd+AC + Cc) /Cf-A • Cc/Cf) • 

Vin 

= - (R2/R1) • ( 1 +(Cd+AC-(A-l)Cc) /Cf)- Vin 

(SI 2) 

[0 04 0) .CCt, gl+t>t^2tc^^±2 50 (Df&miUfkfr* Wft, >*Jl>:3 3 3<D* 



(7) 



11 



Cc- (V3-V1) =Cd- Vl <SU3) 
Cd= (A - 1 ) • Cc (SCI 4) 

ttHs^CD^EVouttt. 

Vout= ( 1+AC/Cf) • VI (S15) 
i, SCI 0tmc<m^it^i\tci><Ottj:^. io 
[0 04 1 ] C©SU ORtfSU 5cc^sns«t^«:. 

nm^fs^tbiHiss i o©fg^ffi*^2o^6ta*3n 

S^ffifg-^omBEVoutJJ. 'a*UJ3>f>t 1 7 ©H 

msacs©am§scd«:«tK??-tt-^. -e©s:<t»Ac 

7©2*gSSCd&c*tl£-f SM-sf) *#*"T. §©l£§i 

tt#ACK*tl£-rS«-5f) £tt*dA/Cl>S. L7fc#-? 20 
T. ^KiUcftft? SiEtt©M#*^# < *MWS C i 

[0042]*fc, ±fBSC 1 0 CC»£|J!i&£fc<oa5#*tt 

outtt. £SHEEfyfeS 1 l*i> 6 VlnOJW 

C£tt<. t£tfcffl=i>?*>lM 7©&fi 
[0043]*fc> C©09©#SS*t*Hill!8l 0T 

^*«*&i/ct>asfii sashes 1 4«. -e©*®K 

5&ft3*vCl>4. l/fc#-5t. 0 8(C7j\3*a^3fc©|5I 40 
KICfctt &SJMMWQ 5 <hH& 0 . J* 1 SlfttttW 1 

Vout= ( 1 + AC/Cf) • Vl 

- 1 ^AC/CfS 1 

#fi£9£-?©t?. ±IBSCl 0©;&2(c*sWS. mEEVou 
t&SEEVl&«rBQflb^£tb0lflHR ( 1 +AC/Cf> 
«. -tfciJ£U:©fI£fc.5. <fcor. »**a=J>^>lM 

7 ©#msfi©<*K j: -j-c tt*im<i-^©maEVout<t^ 

JEVi£©tt*B&#* J £l£t/'CL*5. iUS^FA-^* 5 50 



#1920 03-7 5 48 6 
y-fX©^&t>££LfcS«£*!fflffl3>^>-!M 

s *i a©tr. 3 i 7 ©»/h&Sfi**«ta 

[0 04 4] ic^t, ±IE©<fc5K:, 

LTt»S^W"C». »^ttl3>f>tl 7©»Wg«C 
s©ffi{c«t-p-c«. W6#£C»«. P9^«. 1t©3£ 
S3?tcjcSCr!fi«llB3>'5 s >-9-l 7 ©fim^SC s*s. 
»£— £££0 64*3 <%o3fci*ic, t*mm^©«9& 
ms&l 8 OSLSKb^^a^ttifto-Cl/* 

[0045] 05tt, C©<fcS&ER*£C-C<,»£«tH 

mn<D®.B<DM mm) sm^cx^m^mm 

5«c. JUKDttJPCIZ. MIWJ3^f>!Cl 7©»m^? 
SCs#-^fiIJ:0fc>h3<&-3 7c<!:$. BP^. 0*© 

^■c^$n/c^ra«tc*jt»r. &*b*ji 8 ommfoL 

tcJzSttmJttiZ^X^Z. l^oT. C©«fcV.ci& 
0©M^*>6^ ; &. , £*tcS^-r2)K:tt, -e©Sf£gp#£ 

t»SffiS«fiE#tt. 14«IUJ3>9 S >1M 7©W«SJiC 

[0 04 6] ^ct, c©«fc^^am-^©sssi^n 

(1)^1 ©#S! 

5©sscf«:ias-r 

[0047] jUttKjKtt. (i)±iBS«SfiCd©^r * 

t+^twi^ (±iesC9sc«:i 4) . sa*,. 

Cd=(A-l)-Cc SCI 4 (WS) ) 

Cs©g:{b»AC©«^:fil©*fi*ffii*ACmax«»: bfc^ 
(c. Wiraa^f^l 5©S*Cf3&s. 
ACmax^Cf 

*mte* <fc 5 tcpigis or < . 
[0 04 8] r -5 ±iB^fl=(i)J:*). ttffiM^OHl 
#mffVouttt. ±ieSCl OSCJfSCl 5. EPfe. 

<su o. sci 5 mm) ) 

[0049] c©®i©*si«. mm^f^ 

If- 1 5©SfiCf***<-r*t2£. ±IBSC10(C^3 

ns^2©AC/Cf*5^3<^o. ffi^mEVoutic^ 

<2) 02©*SK 



(8) 



13 



( 2 - 1 ) *mm=> > i 7 ©it ^gscs#s^ 

Vout= (1 + (Cd- (A- 1 ) • 



[0050] CCt. 



^20 0 3-75 4 86 
14 

* ©mEEV outtfUJEV itc# LT3?*B«: & h fcuj: 5 «c* 

1 ®«WSS1*fHlBlR 1 0 -Ctt. JbIBSC8 scjf=s: 1 2 a* 

Cc+AC) /Cf) • Vl 

(S8 (BIS) ) 
( 1 +(Cd+AC-(A-l) • Cc) /Cf) • Vin 

(*U 2 (WIS) ) 



Vout=- (R2/Rl) 



C s©SM t9t A C ©&*{I©*fe*tfiI:& A C maxi T * <!: . 

Vout= ( 1 + (Cd- (A- 1 ) • 

vtcifir>x. c©5£i l-r^snsmffVouti^BEVi 
t*m%-?v*>imim. ( i + (Cd- <a - i ) • c c 

-ACmax) /Cf) *HrDfiU:©fiiK: l/"C*J< C <fC. 
K«ll±Jn>f t >1f 1 7©l*®§SCs#&/JMi§<!:&o;fc 
i#t?fc. ^EEVout£mEEVi£©&*II5&£|5]tltCifi 

1 + (Cd- ( A - 1 ) • Cc- ACmax) /Cf£ 0 

(A-l) • Cc^Cd-ACmax+Cf (5£ l 7 ) 

*^»)31:-0«fc^tC. Sg*i->-l2jUgP2-C©«iK*2 1 
ICtftZWm * >-fe^=i ^f^lf 3 3 ©SttC 

c tMWB3>^:'i>'Cf*SBBi/c*i<c£'c. tetfcffl 

rOy^lf 1 7©HSgS©ffltCj;-orwa^SEEVou 

*fo-c. k-**-* h*@B*ce-^**is^©iB** 

Vout= (1 + (Cd- (A- 1 ) • 



EEVouttt. «T©J:5K:Sl<**i£. 

Cc-ACmax) /Cf) • Vl (5U6) 

9t A C *#^-T * C <!: **T? # -5 . 
[0 05 1 ] (2-2) tttftarOfVIM 7©#®g 

acs^s^ffii^-sittc^au. c©t#T*oT: 

fc. tfcffl{f^©miIVcut#^Vi{CttLT&tB£fc£> 
20 S3 (2 - 1 ) "CW. Hl^ffVout*lSKL*C^fr4 

tt»wit»s*i. i^««cp?s*^msn-s©-c. -e©fc 

JlttWtCtt. «T©1DT*5. 

[0052] *-r. *+>^s©^4>cc}iij*>6r. 12 

1 ©SHHSfifctHlHliS 1 0 Ttt. ±iaSC8 RCJfjS 1 2 tfi 



Cc+AC) /Cf) 



Vl 

(5$8 mm) ) 

Vout=- (R2/R1) • ( 1 +(Cd+AC-(A-l) • Cc) /Cf) • Vin 

(551 2 «») ) 
AIM 7 ©Sf m^SC s#&*41£ £ ^fc £ # (C. 



[0 0 5 3] CCt. ^ffi3>7 r >tfl 7©ft^gS 

c s©^t#A c ©&*<ii©ie*f «i£ a c maxi -r £ <b . 

JbiS5£8Ktf3U 2*>6#*>*J:5K:. «tfcffl=»>f s >T* 
Vout= (1 + (Cd- (A- 1 ) • 
Ltcifir>X. C©5^1 3-C^SnsmfiEVoutimEEVl 
tZm&rWZtWmSt. ( l + (Cd- (A-l) -Cc 
+ ACmax)/Cf) ***d«T©ffl{C L"C*J< C £T. 
mffiVout<!:mBEVl£©{4fflW^5:^r«:0— (jSStl) (C 
tmiri>ztifi-c$h. o*»). 
1+ (Cd- (A-l) • Cc+ ACmax) /Cf£ 0 

(A-l) • Cc^Cd+ACmax+Cf (5C19) 
iim^SL-o^iC. Sa+ + >-bJUgP2T©^*2 1 

«:*f-r-5fjf©A2aa f **>H2jW3>f I >-9-3 3 ©sac 
wa^f^m 7 ©0msfi©fii«c j: -oximirmRy 



Cc+ ACmax) /Cf) • Vl (3C18) 

A^^rlsIje-r^i^-CSfS. .tot:. Hi^mBEVout 

{fc#AC fc^ST* C £ AS-Ct 
[0 0 5 4] C©<fc^/i*^©-/>e-y>X^to|5| 
?g£ Or ©S?mSS&ffllII!8©m-?4ag^©jSffl £ l> 

r. ^mav^-^tt. sa©^b«:ic-vD-c!B3aa% 
50 ^hea^f^^^i i c<fc*-ttttu ii^mg 



15 

[0 05 5] *»9iK:«&-f>t:-y>^aiH 
[0 0 5 6] tfJAtf, 01—EI4CC^§ti/citmgStft 

tuaisi o«. ss^aiSi5nc^^n^-Y>t*-y>x 

^»81 6a (»f-^^0 9 1 6b) <LSS* + 
>fe;l/«2tt:«*ftS*BEW (JV3KIWMS3 0) <b 

[0 05 7 ] 0 6 (a) ^<D<fc5ft^>t'-#>* 

KO— «%*TIeI!8BI'C*4. CCtlt ElCC^Sti 

1 6 aC^fflSKKSln (R5) 3 5#&;&i*ft. JEM 

£*K ^>b'-^>^Sl 6 a£mj3E2K<hU * + 

;^S&£&£L'£2 l teEPflni/Ti,**. 
[0 05 8] ctO^i*^. 06(b) tCTjkLtcXS 
te, igtn (R2) 13. ffita <R5) 3 5RCM>t:~y 

n**sK»«iaB©Xi«a*«-?' (22) ©misted 

#;l/f-^7*0'7 1 6 b<DtB*mBEV2 

V2= ( (R2+R5) /R2) • VI 

= A* • Vi (S2 0) 

tctcL % A' = (R2+R5) /R2 
[0059]f It, C<DmEEV2#* + >-fe;Un>f : 

>^3 3tcEpjjn3nr, * + 2#£j5$n 

*<7>T\ -e<D^fc i 2tt, 
i2= <d/dt) -Cc (V2-V1) 
= (d/dt) - Cc- (A* -1) -VI 

^/c06 (b) (Dt&Vi (R2) 13, Sin (R5) 3 5&V 

KOSZHtUlJVff- < 2 2 ) <Z)lECCf@-r^i, ±fE5£ 

2 0$ttel3«r£>£CD"C, C(D^EEV2^+^>-te;l/ 
n>f : >^3 3 0cEPJn5nr, + + >-te;U:3>:r>-*f 3 
3r(D^M#&£S£^A£ 0 

Qc=Cc- (V2-V1) = (A' -1) -Cc-Vl 

*H«c*sn*»«s«ftiaigia4 0tt % Bicc^sn 



(9) ^2003-75486 

[0060] **WO-3 6tt*W«a<b©a©J50(C«*l 
<DJKSSffltbr % M3s B4tCEttSftfcJ:5ttftttjS 
2 l(D*t>0<DffiS«r^-JVF-cai^ *<D*>-;1/ FCC 
3*5/ — FSEEERAIBK6 0. 6 HCjCoT*/- F«flE«r» 

SSR&2 10*t>0<D12^<?:Rm{4CC^F-r5*^-C 
£ v ^-jbF«:J:*#itt««0«^«r»jt. 3 * 

[0 06 1 ] *fe. tt«lH-f>e-if>Xil/TBStt3 
ROMs:/?. SMtth SBSH2>1f\ ***-te>1J\ 

>u\ sfi-fe>*. a#f«-fe>iJ\ fi^^ 

■fe>«>\ *ffith ffitt'k>-0\ **WH\ filklh 

^ « > f aMR«OE«*o*.«»a«*«ttB-r 

20 [006 2] 

tc^& ^ > tr- y>^acx»«S«kWHBRcx-/ > fcT 

IB&t&m A > f - ^>^tC— 5£<E>* >-fe^mS£^:EP»fl 
[006 3] cnCCcfcoT. S5»WIgC!>#JSIEA*M 

[0 06 4] -e-L-c, i*^a-r>f-^>^(cssn^m 



(10) 



2003-7548 6 



17 
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[0 0 6 5] ££IC, fi#ffl*«IW«tiS«#i-f> 

tr- ^> ^aafeso A*«T-cc3Hn&fi# £ #ekb<dh 
fatn^^sc. mi -/>e-^>xfT-Rc;+t>t 

imm a > tr- ^> * <d > tr- xofiiic j; ^ r \% 

H« ©ffiW&Hffi/c » > tr- X(D ^ > f 

[0066] * /c, *»9I«:«-5»«S««iffi@B»- 
igt^tts^ ^^-^tcmSfe^ift-r c £ tc <fc -d rg*%tftiH 

(Ditm^ssHr >*«cafflr a c £ w # 4 0 20 

[0 0 6 7 ] kLt<D<fc5te, #IMJJfC-<fcg. 

tr-^^acfsaijEWtcttm-rscia&s-c*; *> 
o, /j^t«caufc^>tr-y>^akUH»acfWts 

[02] SltC*5t^4>f>t-^>XiE»^3i<^ir- 30 
2x7 * a-!7rft4»^©»«S«<ftfflIslg8o@l»EI©«* 



[03 ] 0 1 ^w4S«*cD**>o<oEacc2/-^ f 
[04 ] 0 1 ictov zmm&<o*t>')<Dtimi l ct'-)v f 
4. 

[05] sK**crc***Hj«-w>ij»©« (ma> 

[06] (a)«. ^>f-^>^»St»ffilWll 
<D»M&&&m®&<D-m-Ci>2>. (b) tt. 

4o 

[07] <a)-(e)tt, ^b-y>^S<Dft 

[0 8] fi£*<DltmSfi^ailplg8<DlHlK0r*4. 
[#-5103*93] 

10, 4 0 SmSS^tlilHlffi 

1 3, 3 l\ 3 2, 3 5, 1 1 0-115 



1 1 
12 

1 4, 
4MB 
1 5 

1 7 
20 

2 1 
22 
33 
34, 
60, 



16a, 16b, 3 0, 1 00-1 02 

mm* 

3 5 MOSFET 

6 i fnssmmn 



mn 



[01] 



[02] 



2 



32^R4 M*+>-feMt 



,10 




AC=J= _jCd 

<Cs=Cd+AC) 




^§320 03-7 548 6 



[03] [04] 




(12) 



2003-75486 




